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INTRODUCTION 

The geology of the eastern Adirondacks presents many prob- 
lems of interest. The townships along Lake Champlain contain 
within their borders the contacts of the labradorite rocks — (gabbros, 
norites and anorthosites) with the quartzose gneisses and crystalline 
limestones ; and the later-formed unconformabilities of all these with 
the Potsdam sandstone of the Upper Cambrian. The crystalline 
rocks of the Archzan invite study of both igneous and metamor- 
phosed forms, while along the old shore line are the Cambro-Silu- 
rian sediments, unchanged, not much disturbed and often rich in 
fossils. Remarkably little, detailed, field work upon the crystalline 
rocks has been done in the. region since the early survey of Emmons 
and Hall, 1835-1840. What has been written is incomplete and the 
stratigraphical conclusions are drawn from too little recorded data. 
A general review of these papers has been given by the writer, in 
the Transactions of the New York Academy of Science, v. 12, p. 
19, Nov. 1892. Emmons in his Final Report, 1842, devoted almost 
no attention to the relative stratigraphy of the crystalline rocks 
and not until 1876, is the question alluded to and then by James Hall 
only as regards the age of the serpentinous limestones (Amer. Jour. 
Sei. Oct. 1876) which are spoken of as being later than the Lauren- 
tian and earlier than the Potsdam. Dr A. R. Leeds’ paper entitled 
“ Notes on the Lithology of the Adirondacks’? (Chemical News, 
Mar. 1877, 36th Annual Report, N. Y. State Cabinet 1877, p. 79) 
relates to the chemistry and petrography of the anorthosites and 
trap dikes only. 

In 1879 C. E. Hall published a short condensation of what was 
apparently expected to be a longer contribution. It is entitled Lau- 
rentian Magnetite Iron Ore Deposits in N orthern New York.” 
(82nd Annual Report of the N. Y. State Cabinet — 1879, p. 183-140.) 
A brief outline is given of the township geology in the Eastern 
Adirondacks, and a colored map on a small scale (8 miles to the 
inch) accompanies the report. Mr Hall divides the Archean into the 
1, Lower Laurentian Magnetic Ore Series. 2, Laurentian Sulphur 
Ore Series. 3, Crystalline Limestones. 4, Labrador Series or 
Upper Laurentian with Titaniferous Ores. The relations of 2 and 
3 are said tu be uncertain, but later, in a note, the limestone of 3 is 
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stated to be later than 4. It is to be regretted that Mr Hall did 
not complete his paper, for too much attention could not have been 
given to proofs of these stratigraphical relations, and in the follow- 
ing pages, it will be shown that the conclusions reached in this paper 
favor his first arrangement. T. S. Hunt in the short description of 
the geology of Port Henry, (Canadian Naturalist, 2nd series, v. 10, 
p- 420,) regards the limestones near the town as a great, metamor- 
phosed vein of calcite. C. R. Van Hise, in company with C. D. 
Walcott and R. Pumpelly, made an excursion in 1890 from White- 
hall north along the Delaware and Hudson R. R. to Westport and 
thence into the mountains near Mt Marcy. They saw much that 
suggested the deposition of the limestones along an encroaching shore- 
line of gneiss, and remark also the extensive gabbro area of West- 
port. In December, 1893, J. F. Kemp read before the Geological 
Society of America, a paper on the Gabbros on the Western shore of 
Lake Champlain, (Bulletin V. 213-224) in which the petrography 
ot these rocks is discussed. In December, 1894, the same writer 
read a subsequent paper on the Crystalline Limestones, Ophicalcites 
and Associated Schists of the Eastern Adirondacks, (Bulletin VI. 
241-262) which treats both of petrography and stratigraphy. 

All the other papers that have been written on the region, have 
small reference to these questions, but as bearing on petrographic 
points, some are important. Recently an account of the geology of 
Gouverneur township, on the western side, has appeared from the 
pen of Prof. C. H. Smyth, jr,* and many facts are adduced. The 
field work was undertaken in close association with the writer’s work 
on the eastern side and with the general plan of keeping our inves- 
tigations in harmony. Although no anorthosites are known there, 
basal gneiss was found practically like that near Lake Champlain 
and with it is associated igneous granite. Next in succession is 
erystalline limestone, with some black schists at its base, but serpen- 
tinous limestone is practically absent. Above all these is Potsdam 
sandstone. There is further, a great area of serpentine with red 
hematite, whose stratigraphic relations remain to be worked out. 


*A Geological Reconnoissance in the Vicinity of Gouverneur, N. Y. Trans. N. 
Y. Acd. Sci. XII. 97, Feb. 23, 1893. A still more important paper by Dr Smyth 
on the Gabbro contacts in certain townships in St. Lawrence Co. appears in the 
Bulletin of the Geological Society of America VI, 263. 
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We hope year by year to add the geology of new townships to those 
already mapped, until the whole region has been carefully covered. 
The problems are not easy ones and the many questions require very 
thorough exploration. 

The present contribution is only concerned with Moriah and 
Westport townships. The field work was done in the summer of 
1892, but the writer has been making excursions into the mountains 
for five years past, and a general introduction is given, based on the 
data thus gathered. 

In the field work efficient assistance was rendered by Mr W. D. 
Matthew, late Fellow in Geology, Columbia college, and acknowl- 
edgments for indispensable aid are here gladly given. 


GENERAL TOPOGRAPHY AND GEOLOGY 


The country along the western shores of Lake Champlain, is 
diversitied in its contours. While the larger share of the water- 
front is formed of the later sedimentary strata, and while these do 
not reach in the townships here described, a height of much over 
400 feet above the lake (this is not far from 500 feet above tide) 
they are either soon succeeded in the region south of Plattsburg, by 
the gneisses, serpentinous limestones, gabbros and anorthosites* as 
one goes inland, or else are cut by spurs of the latter which jut out 
in high ridges to the water itself. The heart of the Adirondacks is 
formed of the anorthosites and the highest peaks are dome-shaped 
masses of this rock. But the flanks on all sides consist largely of 
quartzose gneisses, and more or less of serpentinous limestones, which 
latter have interbedded with them black hornblendic and pyroxenie 
schists, and are heavily charged with bunches of silicates. The 
gneisses attain to less altitudes than the anorthosites, although in 


*The term anorthosite has been long in use among Canadian geologists, as a 
special name for the rocks of the Norian series, that consist almost entirely of 
plagioclase. It is derived from the old French word ‘‘anorthose,”’ which is a 
collective term for the triclinic feldspars. While with New York geologists, 
norite is generally used for the labradorite rocks, yet increasing observation shows 
that true norites (i. e. containing plagioclase and orthorhombic pyroxene) are not 
so general as at first supposed, and as gabbro is a much wider term, embracing 
under it collectively, the gabbros proper, (plagioclase and monoclinic pyroxene), 
the norites and the anorthosites, it is here employed. 
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the region about the outlet of Lake George, these are by no means 
inconsiderable. The anorthosites occur in general throughout a 
broad belt, which extends from Port Kent and Saranac Lake, south- 
westerly 60 or 70 miles. The anorthosites do not form a solid belt, 
as is the general impression, but are found in ridges of northeast- 
erly trend, with gneiss and crystalline limestone almost always appear- 
ing in the valleys. Still around Mt Marcy there is a great group 
of peaks and no gneiss or limestone has been found in between them. 

The relief of the country is not entirely due to erosion, although 
this has been extensive both by water and ice. One can not resist 
the conviction when viewing the dome-shaped peaks or knobs, that 
they are in a large part due to block faulting, and the steep cliffs of 
Adirondack Pass, of Avalanche Pass and many others, confirm the 
impression. The remarkable shear-zone at Avalanche Lake* is also 
an additional proof. In the iron mines it has been a frequent 
experience to find the ore body cut off by a fault where it has been 
followed under a gulch. What is true for the small depressions is 
doubtless applicable on a large scale. The mountains repeatedly 
have a much steeper eastern face than western, as if presenting to 
the east, old, eroded, fault-scarps. Erosion both by water and ice 
has contributed its share in modifying contours, so that now the 
angles are largely rounded off. 

Over the whole country is spread the drift, either sorted or 
unsorted, and no more striking exhibition of it is to be found in the 
United States, than in the Adirondacks. As a general thing, aside 
from the mountains, the country is extremely sandy, and often in 
the valleys shows unmistakable evidence of having once been lake- 
bottoms,+ on whose shores the deltas still remain. 


GENERAL STRATIGRAPHY 


The stratigraphical relations of the Archean crystalline rocks are 
obscure as decisive evidence is not easy to procure. In the writer’s 
opinion we have the same succession as in Canada, where the Ottawa 
Gneiss is the lowest member; the Grenville Series of more schistose 
rocks and limestones lies over it; and through both these are 


*J.F. Kemp. The great Shear-zone at Avalanche Lake. Amer. Jour. Sci. 
Aug. 1892, p. 109. 

+H. Ries. A Pleistocene Lake-bed at Elizabethtown, N. Y. Trans. N. Y 
Acad. Sci. Nov. 1893. 
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intruded the gabbros and anorthosites of the Norian. Purely litho- 
logical names are here chosen to indicate these and they are subse- 
quently described in what is believed to be their stratigraphical 
succession. It would not be advisable to discuss at length this prob- 
lem from the restricted area covered by thisreport. The difficulties 
in accurate determination and classification rise from the intrusive 
nature and vast extent of the Norian. Near the contacts of the 
undoubted gabbros and anorthosites with the gneisses there are all 
manner of intermediate types of rock, and even far out from the 
central masses, we find what are regarded as intrusive sheets of 
gabbroitic gneiss, which possess the characters of both the gneisses 
and the gabbros. It is hoped that by the close of the summer of 
1894, that the whole of Essex co. will have been gone over once and 
that then these questions can be more intelligently discussed. 
General character of the gneisses. The gneisses give little 
decisive evidence of their origin, whether they have been derived 
from sediments or from granitic rocks. Dr Smyth has shown the 
latter to be true in the township of Gouverneur on the west side, 
and the remarkable instances later described, by which the massive 
gabbros have become gneissic, lends much support to this view for 
many other regions. So far as they have been examined in the 
townships specially noted here, they are aggregates of quartz, nor- 
mal orthoclase, microcline, pyroxene, biotite, hornblende and great 
quantities of microperthitic orthoclase. The last named is rather 
the most abundant component. It consists of orthoclase crystals so 
thickly set with blades of albite that at times they almost seem like 
erystals of banded plagioclase. Such structures are well known in 
both igneous granites and metamorphic gneisses. At times, specially 
near the Bessemer iron ores the gneiss becomes a nearly pure mix- 
ture of quartz and feldspar. 
General characters of the crystalline limestones. The lime- 
stones are variable in structure and composition. They are in 
instances extremely pure carbonate of lime. The quarry opened 
for the Port Henry furnaces, a quarter of a mile north of Port 
Henry and east of the Treadway ophicalcite quarry was of this char- 
acter. But here as elsewhere great bunches of silicates came in and 
necessitated much waste. It is rare that a bed of any size is. met, 
which is not limited on either side by a black, hornblendie schist or 
gneiss. The exposed cross-sections show this alteration over and 
49 
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over. Frequently the limestone becomes more magnesian and is 
full of the altered pyroxene crystals, which give it the well-known 
green, serpentinous mottlings. This ophicalcite or ophiolite is 
widely familiar under the name “ Moriah marble,” by which trade 
designation it has been placed on the market as an ornamental stone. 
G. P. Merrill has shown that the serpentine has resulted from the 
alteration of a white pyroxene.* The limestones have undoubtedly 
been penetrated by igneous dikes before their metamorphism, for these 
show in broken fragments with the limestone in between. Whether 
all the interbedded, black schist was of this character is doubtful. 

The limestone series rests on the gneiss and is later in age. 

General characters of the rocks of the gabbro family. The 
gabbros are unquestionably true, igneous rocks of invariable plu- 
tonic habit when not rendered more or less gneissic by mountain- 
making disturbances. Passages of the one into the other can be 
traced. But even in the purely plutonic or granitoid structures the 
microscope shows widespread crushings and strainings, the results of 
dynamie disturbances. The typical anorthosites exhibit nearly pure 
feldspathic aggregates, specially in the interiors of the Norian 
mountain ridges. The darker, basic gabbros appear on the skirts of 
the latter or as more remote outliers. They consist of plagioclase, 
green monoclinic pyroxene, hypersthene, brown hornblende, titani- 
ferous magnetite, almost invariable garnet and alteration products 
from all these. Olivine has been discovered but does not appear to 
be as abundant as in the analogous Canadian exposures described by 
F. D. Adams. 

General characters of the Cambro-Silurian sediments. The 
earliest of the sediments is the Potsdam sandstone. It rests on all 
the members of the Laurentian in one place and another and sets 
up into them as embayments. It reaches a maximum altitude of 
500 feet above tide at the first Y of the Mineville railway, out from 
Port Henry. None other of the sediments rises as high at this. 
Along. the lake shore, the Potsdam is succeeded by the Calciferous 
Limestone, which appears just north of Port Henry and in Westport. 
In the latter town we find also the still higher Chazy and Trenton. 
Less attention was given to these than to the crystalline rocks, 
although later on some further details and lists of fossils are appended. 


* Proc. U. 8. Nat'l Mus. XII, 595, 1890. 
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Brief description of the map. The accompanying map has 
been roughly reproduced from advance sheets of the U. 8. Geologi- 
eal Survey and from the County Atlas of Essex Co. Only the 100 
foot contours are given, to avoid confusion of lines. While not 
claiming to be more than a general picture of the topography, it 
does show the elevations with all the accuracy needed for a first 
draft and as such has been employed. In the subdivision it has been 
the endeavor to show the areas occupied by the gneiss, the crystal- 
line limestones, the outlying gabbros, the main anorthosite masses, 
the Potsdam sandstone and the Lower Silurian limestones. Where 
all rocks are concealed by drift, this has its appropriate sign. Prac- 
tically all the roads were traversed in Moriah and Westport and a 
corner of Elizabethtown. The only omitted area is a small one in 
the extreme northwest of Moriah.* But it is recognized that some 
outlying gabbro areas may have been overlooked, although all acces- 
sible hills were climbed. On many the forest growth and smaller 
vegetation conceal all exposures. Some gneissoid forms of anortho- 
sites may be included in the areas drawn as gneiss, for as already 
remarked the intermediate varieties are extremely hard to classify, 
even when the prominent types are readily recognized. The geolog- 
ical sections will serve to indicate the stratigraphical relations in sev- 
eral places. 

OUTLINE OF THE GEOLOGY OF MORIAH 

An examination of the accompanying map will show that the 
gneisses with iron ores make up the greater part of Moriah. There 
is also a belt of crystalline limestone and black schist in Port Henry 
and another east of Ensign Pond. Along the Lake Champlain front 
the Potsdam sandstone is well developed, and the Calciferous shows 
in one small spot just north of Port Henry. The later sediments 
although present in the townships on the north and south are absent 
in Moriah. The anorthosites appear in the southwest and form one 
especially high hill, Harris Hill, and several others, hardly inferior. 

Outlying masses of gabbros are frequent and often strongly gneis- 
soid. A great sheet of gabbro has been cut by drill cores near Mt Bob, 
Mineville, and an enormous mass of it underlies the Cheever Mine, out- 
cropping all along the lake. Another great sheet, at least 250 ft thick 
forms the middle (horizontal) third of Bald Peak. Several diabase 
dikes have also been met. Geological sections accompany the map. 


* Since filled from observations made in 1894, 
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OUTLINE OF THE GEOLOGY OF WESTPORT 
The southern part of Westport is mainly gneiss, but the northern is 
is all anorthosite and ‘gabbro. The anorthosites have an extended 
development in Split Rock Mountain, and also appear in the south- 
east. The gabbro is especially important in the central portion. The 
sedimentary rocks mark the southeastern lake shore. The Potsdam, 
Calciferous, Chazy and Trenton are all well shown. 


PETROGRAPHY 

Petrography of the gneisses. There are several varieties of 
eneiss as shown by the thin sections. These occur, forming the 
larger portion of what is regarded as the basal series. Gneisses are 
also found as immediate associates with the undoubted anorthosites, 
and such are doubtful forms for stratigraphic classification. The 
endeavor has been made to differentiate the certain and well marked 
varieties in each series from the intermediate or doubtful ones. 

The most characteristic gneiss in the undoubted exposures of the 
basal series, is formed by an aggregate of quartz and microperthitic 
orthoclase in largest amount, with which are orthoclase, plagioclase 
and brown biotite in less degree. The rock shows no features at all 
remarkable among gneisses. The accompanying figure (Fig. 1) 
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Fie. 1.— Common biotite-gneiss, Bulwagga Mountain, Moriah. O is orthoclase; M, micro- 
perthite; Q, quartz; B, biotite; P, plagioclase. 
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gives a fair illustration. Occasionally a little garnet is seen, but it 
is a very light colored or quite colorless one, in contrast with the 
deeper pink variety of the anorthosite derivatives. It shows also no 
tendency to characterize the contacts between the dark silicate and 
the feldspar, as is the case with the anorthosites. It contains quartz 
inclusions and is thus doubtless a result of metamorphism and of 
late formation in the history of the rock. A few minute zircons are 
also seen, and a few grains of magnetite. The gneisses do not show 
wide spread evidence of dynamic disturbances. While one or two 
exposures, exhibit the operations of crushing forces, the others from 
the main ridges are quite without such effects. These latter are 
far more widely shown by the anorthosites in which they seldom 
fail. Prof. Smyth after examination of the writer’s slides of gneisses 
states that dynamic effects are much more widely shown by the 
gneisses on the western side of the mountain. 

Along the lake front just above the Cheever dock, and near the 
great gabbro mass, are several exposures of brecciated gneiss. This 
seems to have been a micaceous variety originally, but the dark 
silicate is now altered beyond recognition. Even in the outcrop 
‘the rock is visibly crushed into small angular fragments, now 
recemented, and in the slides this comes out im a still more marked 
way. Strained fragments of quartz, microperthite and chlorite fill 
the field. The crush was apparently caused by the intrusion of the 
neighboring gabbro. A less common variety of gneiss contains, 
instead of biotite, dirty green hornbiende, but all the other features 
are essentially like the micaceous ones. 

In the walls of the non-bessemer ore bodies the gneisses appear to 
become somewhat richer in dark silicates as the ore is approached. 
Near the ore the slides show chiefly plagioclase, with abundant 
green hornblende, green augite, scattered magnetite and titanite. 

The lean ore is chiefly mixed with pyroxene, black in the hand 
specimens, but of a beautiful, emerald green in the sections. 

Much black hornblende is also met. Diamond drill cores near 
Mt Bob, Mineville, have shown as the wall rock of the Bessemer 
ores a very feldspathic gneiss, with scarcely a trace of a dark silicate. 
The lean ore is mixed with quartz and feldspar. There is some 
reason for thinking that this contrast of wall rock may often show 
itself. Gneisses are also met, practically like those cited as most 
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typical and characteristic; except that they contain green mono- 
clinic pyroxene instead of either hornblende or biotite, or else this 
in association with hornblende. ‘Their acid character, possessing as 
they often do, much quartz, causes them to depart from the gabbro 
types. Especially towards the great masses of gabbro and anortho- 
site, gneissoid rocks appear that are difficult to classify in their 
stratigraphical relations. They contain abundant plagioclase, augite, 
hornblende and deep pink garnets and are probably gneissoid forms 
of gabbro. Still. the relations are much confused. Towards the 
contacts, pegmatite masses are also met at times of great size, but 
they are better shown in adjoining towns. 

Petrography of the limestones and associated black schists. 
In thin sections the pure white limestones show little of interest. 
They contain flakes of graphite, small scales of phlogopite, an occa- 
sional apatite crystal and little else. Such occur at the furnace 
quarry on the ridge just north of Port Henry ; below this along the 
lake shore ; and south of the Pilfershire Mine. 

The limestone afforded is a'very pure calcium carbonate at the 
first mentioned locality. It has yielded some unique crystals of cal- 
cite. Often closely associated with this latter is the mottled serpen- 
tinous limestone or ophicalcite. Its best exposures are in the belt 
along the ridge from a point north of the Cheever Mine and thence 
southward to the Lee Mine. Quarries have been opened at several 
points. It outcrops again west of Moriah Center, on the present 
road to North Hudson, and also on the old and now abandoned 
highway, nearly due north of Ensign Pond. The rock is a dolomi- 
tic marble with copious green mottlings of serpentine. At times 
these are evenly distributed and a quarter inch across as a maximum, 
and then the stone is very beautiful, when polished, but such 
pieces can seldom be obtained of large size or of even texture. 
The masses of serpentine too often form great blotches, up to sey- 
eral inches across, and mar the appearance of the stone. Small 
bunches of silicates also appear and afford white pyroxene, brown 
tourmaline, rose quartz, beautiful crystals of brown hornblende, 
titanite, ete., as later set forth. Similar serpentinous marbles have 
in Warren county afforded specimens thought to be Eozoon, as 
described by A. M. Edwards (Proce. Lyceum Nat. Hist. N. Y.,, L800; 
p- 96). G. P. Merrill has also written of them and is able to show 
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in many cases that the serpentine is secondary after pyroxene, but 
some forms of serpentine seemed to him not to be referable to this 
original. In my slides, the core of pyroxene is usually present and 
the process of alteration is graphically shown. The total effect 
resembles an altered olivine crystal most closely. In one instance 
the core proved isotropic and showed no trace of an optic axis. It 
would appear to be an isometric mineral of quite high index. 

The limestone series is accompanied by masses of silicates of all 
sizes from small bunches up to large lenses. There are also beds of 
dark schistose rocks that are an inseparable associate, and no 
extended section was met devoid of them. The small bunches are 
especially numerous near the contacts with gabbros, and in the 
Delaware and Hudson railway cuts, two miles and less above Port 
Henry, along the Jake they are very numerous. They assume very 
fantastic shapes, from the small foldings and stretching of the lime- 
stone, and specially resemble snakes. These are here regarded as 
due in part to the metamorphism of siliceous portions of the original 
limestone, but still more often to bunches of minerals formed by 
contact action along the intruded gabbro. They have been after- 
wards stretched in the general dynamic disturbances which have 
given rise to such extended foliation. The limestone everywhere 
gives evidence of being very plastic under these conditions and has 
wound itself around the inclusions and followed them in many 
intricate curves. 

The inclusions exhibit in thin section, plagioclase and hornblende 
in greatest amount, and with these phlogopite, scapolite, pyroxene, 
quartz and probably orthoclase. In larger ones fine crystals of 
brown tourmaline and light brown hornblende, titanite and rather 
rudely bounded pyrrhotite appear. All these show characteristic 
forms. Very similar mixtures are met at Van Artsdalen’s quarry 
near Philadelphia, Penn. as has been cited by the writer (Trans. N. 
Y. Acad. Sci. Vol. XII. p. 74, Jan. 23, 1893) where they are referred 
to the contact action of gabbro. They are practically duplicated in 
the bunches of silicates contained in the marbles on the contact with 
the hornblende granite of Mount Adam and Eve, Orange co. N. Y. 
A very complicated and interesting mass of silicates occurs in the 
eut on the railway from Port Henry to Mineville, just at the grade 
crossing of the northeastern highway in O8, of the map. Garnet, 
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quartz, tourmaline, phlogopite, and magnetite can be readily recog- 
nized, while in the slides, scapolite is abundant and small masses of 
titanite are everywhere through the somewhat altered phlogopite. — 
Pyrite and apatite also appear. Itis an unusually complex bunch 
of silicates in the limestone series. The dark schistose rocks that 
penetrate the limestones in instances apparently parallel to the 
foliation are shown by the thin sections to consist of brown horn- 
blende, rather scarce brown biotite, plagioclase, some pyroxene and 
magnetite. Hither hornblende or augite may fail. The rocks are 
at times quite gneissic or even massive, as in the great sheet just 
over the limestone of the abandoned Pease Quarry in the outskirts 
of Port Henry. In thin sections these more massive sheets bear 
the strongest resemblance to the metamorposed dikes from the Hud- 
son River shore above West Point, described by the writer in the 
American Naturalist for August 1888. There is much that leads 
one to regard them as intruded dikes and sheets, doubtless contem- 
porary with the gabbro, and offshoots from its magma, that have 
afterwards become foliated by metamorphism. Such a dike from 
the limestone quarry near the Pilfershire Mine is shown in the 
accompanying reproduction of a photograph. It is clearly a broken 
dike, between whose separated fragments the limestone has been 
forced. The mineralogy and structure of this is precisely like the 
eneissic ones above referred to} but less certainty is felt that the 
more schistose ones may not be metamorphosed sediments. Very 
similar beds occur in the limestones of Gouverneur, St Lawrence 
co. where they are regarded by C. H. Smyth, jr as altered sedi- 
ments, (Trans. N. Y. Acad. Sci. XII p. 102 Feb. 23, 1893) and 
where they are far west of any exposure of gabbro. Their notice- 
able parallel arrangement in the limestone makes it seem extra- 
ordinary that dikes should have been so regular unless the apparent 
bedding of schists and limestones is due to mountain making pro- 
cesses. One or two beds of light grey gneiss with graphite and silli- 
manite were met with in the limestone series. One occurs along 
the highway south of the Pilfershire mine, N8 on the general map. 
It may represent a silicious bed, deposited in with the limestones. 
Petrography of the gabbros and anorthosites. In the high 
knobs of Mount Harris, in the western portion of Moriah, near 
Ensign Pond, and also in the northern part of Westport, the 
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anorthosites make up the country. The most massive variety consists 
of large, bluish labradorite crystals, up to an inch and a half in length, 
with almost no traces of dark silicates. The rock is nearly pure 
feldspar, but it has been subjected to powerful dynamic disturbances 
and now exhibits a mass of larger nucleal fragments, often of con- 
siderable size, surrounded by fine breccias of thesame. The specitic 
gravity of the large pieces, free from garnets, lies between 2.65 and 
2.71, proving them to be labradorite. The thin sections bring out 
the crushed condition still more strongly. Even small brecciated 
eracks penetrate the larger pieces. The comminuted feldspar is 
more or less altered, and often presents a fibrous or scaly mass of 
sericite. Other darker varieties from this western border of Moriah, 
contain bisilicates and tend to assume gneissoid forms, from the 
alignment of these, in continuous bands. The plagioclase is much 
smaller than in the first mentioned variety. The dark silicates are 
green monoclinic pyroxene, deep brown, almost opaque hornblende, 
and less common hypersthene, in about this order of abundance. 
There is also more or less titaniferous magnetite. The two 
pyroxenes are evidently original minerals and much of the brown 
hornblende is also, but there are cases, later described where it 
_ forms one of the zones in the reactionary rims, which give the impres- 
sion, that some of it may be secondary. Deep pink garnets are 
universal and often associated in a most intimate way with the 
pyroxene. The same cracks pierce both minerals, and though the 
line of demarcation is sharp, it makes the observer suspect that the 
garnet has resulted from the pyroxene. The reactionary rims of 
garnet give some added ground for this suspicion. But garnet 
often appears alone with no bisilicate near it, and in such cases it is 
probably an original mineral, as garnet often occurs in this relation 
in plutonic rocks. A microscopic drawing of a typical anorthosite 
is given by the author in a paper in the Amer. Jour. Sci. for 
Aug. 1892, p. 111, Fig. 2. 

Generally outlying from the main exposures of anorthosites and 
separated from them by intervening gneiss are the areas of rocks, 
marked gabbro on the map. The gabbros exhibit massive, coarsely 
banded and very thinly laminated forms, and in several places the 
unbroken transition can be followed from one into the other. 

In general, the massive gabbro makes the impression of a dark 
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rock upon the observer and this is due to the abundance of magnetite 
grains and dark silicates. The minerals present are plagioclase, 
green monoclinic augite, brown hornblende, hypersthene, garnet, 
titaniferous magnetite and titanite. The more important ones of 
these are shown in the accompanying figure (Fig. 2) which is a little 


Fic. 2.—Gabbro without reaction rims—near Ensign Pond, Moriah. F is labradorite; P, 
augite; Hy, hypersthene; H, hornblende; Q, quartz; G, garnet; M, magnetite. 
richer in hornblende than the average. The rock is blotched with 
light green from the altered feldspar, and has faint, pink streaks 
running through it, due to the garnets. These latter give it a pecu- 
liar reddish cast that is very characteristic. The feldspars are now 
largely altered to saussuritic matter, but when not too far gone they 
have a broad, lath-shaped outline, more or less idiomorphic, and are 
rather coarsely twinned. At times they are filled with minute dots 
or crystals of brightly polarizing character which are so small as not 
to be easily recognized, but they are probably pyroxene. Less 
commonly, polygonal scales of a brown color and in geometrical 
arrangement are to be seen. These latter are generally regarded 
when seen in other exposures as a micaceous variety of ilmenite. 
The successive zones of grains of garnet and brown hornblende 
between the dark silicates and the feldspar, or surrounding the 
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magnetite are extremely interesting. They have been described 
and figured by the writer in the Bulletin of the Geol. Soc. of 
Amer.— V. 218, and are regarded as due to the reaction of the 
bisilicate or other basic mineral and the feldspar on each other. 
Olivine is found in the gabbros on the lake shore north of Port 
Henry, and in the walls of the Split Rock Mine—on Split Rock 
Mountain, Westport. } 

In the gneissoid varieties of gabbro, hornblende appears in notable 
preponderance, and in the extreme cases, of very thin lamination it 
is the only dark silicate present. It is quite certainly of secondary 
origin. 

Petrography of the palaeozoic sediments. The microscope 
yields little in addition to the macroscopic examination. The Pots- 
dam sandstone shows considerable calcite, in small rhombs mingled 
with the quartz grains. The Calciferous cherty limestone consists 
of fine grained calcite crystals and the chert is devoid of fossil organ- 
isms of any sort. The others were not ground in sections. 

Dikes. These two townships are not as prolific in dikes as others 
to the north. Several have been noted recently by Kemp and 
Marsters* and determined with the microscope. They are all dia- 
base or closely related types. There is a bunch of dikes on Mill 
brook, just west of the lake im Port Henry. One or two cut the 
ore beds at Mineville. A fine one is in a hill a short distance north- 
east of Moriah Corners, (No. 56 in O5 of map) where it has been 
mined out for an ore bedy. Several others are exposed along the 
lake shore a mile or two north of Westport,—and others appear in 
the old iron mines on the west side of the Split Rock ridge. Por- 
phyries, tho’? known in the next township north, have not been met. 


; ~GENERAL CONCLUSIONS 

The two older series of rocks, the gneisses and the crystalline 
limestones were formed before the intrusion of the anorthosites and 
gabbros. These latter came up as great plutonic masses and as 
offsetting sheets penetrating the older rocks, and contributing to 
their metamorphism. Much faulting and folding ensued, by which 
the latest intrusions became involved in the earlier rocks in very 


*The trap dikes of the Lake Champlain Valley. Bulletin 107, U. 8. Geol. 
Survey. 
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puzzling ways, and by which they received brecciated and gneiss- 
oid structures. This metamorphosing process then ceased in 
pre-Cambrian time and on the flanks of the old crystallines were 
laid down the Potsdam sandstone and the Silurian shales and lime- 
stones, all of which show comparatively unaltered forms and not 
greatly disturbed positions. Their dips are low, mostly to the north, 
and beyond comparatively shght faulting they have not been par-. 
ticipants in heavy movements. What disturbance appears is 
probably to be attributed to the upheaval of the Green Mountains. 

There is evidence in neighboring townships which indicates that 
the Cambro-Silurian sediments formerly reached well up into the 
valleys, at least in the case of the Potsdam, but that they have 
been since extensively eroded. 


IRON ORES 


The ores are all magnetite, but as already outlined are of two 
varieties. The one that is useful and merchantable to-day is prac- 
tically free from titanium. Variable amounts of phosphorus and 
sulphur, occasionally reaching high percentages are present. ‘These 
ores seem to be uniformly associated with the older gneisses. The 
second variety contains titanium, often in very considerable amount. 
The limestones are devoid of ore in these townships. In Moriah 
there are the followmg mines, all of which have been practically 
worked except the last named. They are all non-titaniferous. The 
Mineville Group; the Barton Hill Group; the Cheever Group; the 
Pilfershire and Pease Pits; the Lee Mine; and the Coot Hill Mine. 
In Westport there are the following which are all titaniferous, 
except perhaps the first named. The Nichols Pond Mines; the’ 
Split Rock Mines; and the Ledge Hill Mines. None of these latter 
have been worked in years. 

The general merchantable ore in Moriah is non-bessemer, for only 
the mines on Barton Hill furnish bessemer ores. The following 
table illustrates their composition. The Lee mine is quite sulphurons. 
The Pilfershire and Pease pits have been long abandoned. The 
Coot Hill mines have no serious showing of ore and were an 
ill-advised enterprise; and the mine put down on the county atlas 
as occurring north of Crowfoot pond is purely imaginary. The 
outcrop of gabbro or gabbro-gneiss near Mr J. Lewis’s house, Moriah, 
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and near some prospects that he has opened make it seem probable 
that the ore will prove titaniferous, but no analyses are available. 
The Barton Hill mines and their prolongation, the Fisher Hill and 
Burt Lot openings are bessemer, and some lots have been found 
surprisingly low in phosphorus. They occur at a higher horizon in 
the gneisses than the Mineville group as will be later shown by 
sections. 
TABLE OF ANALYSES 


| BESSEMER ORES — Non-BESSEMER ORES — 

| 
Mine. ....| Barton Hill.| Fisher Hill ..| Welch Shaft} Miller.| Old Bed.| ‘¢21” | Cook Shaft 
Authority ..| Birkinbine .| Tenth Census. do do do do do 
OS SAS fs cies 65 12 46.96 57.71 60.54 62.64 62 10 62.80 
12 30) saapaat 0 0289 0.03 1.266 0.830 0.908 1.198 0 870 
TiO, SGU Cu CC) COD COOOOMES present. present. present] present |present} present. 

| ; TITANIFEROUS ORE. 

Mine.. .........| Cheever. ..... Lee....... Split Rock} do do ; Teenie vai 
Authority ...... Tenth Census. Cho II Sonaogeana Seales lhche F. 8. Witherbee. 
Gi aaieteris eo necslone 63.86 45 01 44 77 32 59 | 40 42 
Seeyatirsieie stavelciereieaeis 0 680 0 047 Suirebouisls 
AIO eaanGa coo »..| present. | Absent 13.15 14.70 | 16 37 | Cirea 20. 


In the octahedral ore of the Lovers Hole Mine, T. R. Wood- 
bridge found with iron 68.58 and phosphorus. .004, titanic oxide 
147. Thus where found in these ores it is in very minute amount. 

_ The beds are often disturbed by small faults and very frequently 
these are occasioned by the intrusion of a trap dike. In fact hardly 
a mine has failed to reveal these. Profounder faults may also 
intervene and cut off the ore entirely as at the Cheever mine. 

The ores in the richest forms are granular. They have fora 
gangue, pyroxene as a general thing, and in the thin sections of 
lean ores this is seen to be of a brilliant emerald green hue, though 
black in the thicker masses. Grains of apatite are at times very 
_ abundant, and are present in most of the mines. Pyrite is notable 
inafew. Bessemer ores are aftorded by several very large openings. 


GENERAL FEATURES OF THE TITANIFEROUS ORES. 
The titaniferous ores are in true igneous gabbro, which has been 
more or less metamorphosed and to which a foliation or banding 
has been imparted by pressure. The ore-bodies are thus flattened 
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parallel to the banding, but their general shape, if indeed they have 
any uniformity, is far less clearly understood than that of the ores 
in gneiss as they have not yet been much mined. 


GENERAL FEATURES OF THE NON-TITANIFEROUS MAGNETITE 
ORE-BODIES 


The common form assumed by non-titaniferous ore bodies, and 
the one usually associated with gneisses for wall-rock, is that of 
a bed or flattened lense, or pod, which les parallel to the general 
foliation. They show no traces of having filled a cavity, but unless 
regarded as segregated veins, i. e. as having gathered along the bed- 
ding by the concentration of iron oxide from the walls, after the 
manner of a concretion on a grand scale, they must be considered 
true beds. For the smaller ore bodies in the two towns here 
described, these general relations and shapes hold good but for the 
great ore-bodies at Mineville, it is difficult to see how any folding 
and contortion of simple beds can explain the peculiar and irregular 
shapes which are -later illustrated. They are decidedly abnormal. 
In the writer’s estimation no segregative agency strictly so called 
could have occasioned them and some other method of origin must 
be invoked. The true lenses pinch, swell and feather out at the 
boundaries. They often fork when wedge-shaped masses of the 
walls come in. They are often distributed along a general horizon 
in the gneiss, although at times several beds, one over the other are 
afforded. The long axis of the ore-body does not run straight 
down on the dip, but diagonally, and this inclination is called the pitch 
in distinction tothe true dip. The rule already formulated in New 
Jersey also holds good in the Adirondacks, that with a westerly dip 
the pitch is to the southwest, and with an easterly dip the pitch is 
northeast. 

DETAILED GEOLOGY OF THE IRON ORES 

The Mineville and Barton Hill Groups. The topography of 
this district may be seen from the accompanying map. As already 
stated the Barton Hill group occurs at a higher horizon in the gneisses 
than the Mineville group, but just what it isin feet is hard to say, for 
there is a fold or crumpling between. As shown by the table the 
ores are contrasted in composition, thé lower series being much 
higher in phosphorus. Almost no sulphur oceurs in either, and 
titanium is insignificant. 
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The relations of the Mineville ore bodies have always proved 
confusing, but it is hoped that the accompanying sections may help 
to throw some light on them. Referring to the plan of the work- 
ings as shown on the map, it will be seen that the axial direction of 
all the ore bodies is southwest and that they le in two or three 
parallel ranges. There are irregularities entering in that upset the 
uniformity of this somewhat, but in general it holds. There are five 
distinct mines. One is based on the bed, tapped by the Brinsmade 
and Welch shafts, and is generally called the Welch shaft bed. This 
dxps westward at a varying angle that is nearly vertical at the north 
end and about 45° at the Welch shaft. In its southern part it runs 
in under the Old Bed (called in earlier days the Sanford) but a drift 
has been run through the intervening rock. The widest breast is 
about 50’ from wall to wall but at the northern end it pinches to an 
unworkable thinness. This bed appears in Section DD. 

Lying over the last but also extending further south is the Old 
Bed. Old Bed has an axis that runs about 8. 30 W. The pitch is 
quite flat being but 20°. The dip in the eastern workings is much 
more southerly than the Welch Shaft bed and on the western side 
it becomes more westerly. The Old Bed is quite complex in form 
and structure. It starts from the surface with a low dip, as already 
mentioned, but soon rolls over more and more steeply until it con- 
nects with a lower lying ore-body, which sets back under its upper 
portion, and is called the Potts Shaft bed, because opened by a shaft 
of that name. This same shaft tapped a still lower lying and par- 
allel bed with which Old Bed also connects down the pitch. They 
are shown in Sections AA, BB, and CC. The structure can be best 
summed up, perhaps, as a triple forking of an original bed. The 
Old Bed, as do also the Miller and “21,” thickens very much from a 
comparatively thin outcrop to a much greater section lower down. 
The mining has shown breasts varying from 20 to 125 feet. Mr 
Putnam of the Tenth Census referred this to the buckling of a sig- 
moid fold. He makes however no mention of the lower Potts shaft 
Bed and when this is included, the forking original seems more 
probable. The ore next the footwall in both Old Bed and 21 is 
specially charged with apatite. Indeed the workings in 1852 on the 
former were begun in order to procure phosphates for fertilizers. (W. 
P. Blake, Trans. Amer. Inst. Min. Eng. Balto. Meeting 1892.) Con- 


344 NEW YORK STATE MUSEUM 


siderable quantities have 10% or more of this mineral. This variety 
is called “red ore” and is of course avoided. This especial richness - 
in apatite is interesting when compared with the investigations of 
D. H. Browne, on the distribution of phosphorus in the Ludington 
mine, Menominee District, Mich. (Trans. Amer. Inst. Min. Eng. 
XVII 616). Between the Old Bed and the Miller, there is a long 
pod of this red ore, which is separated from the Miller by a trap dike’ 
for its greatest part, but which runs into the Miller at its north- 
ern end. | 

The Miller bed has an axis that runs about &. 30 W, but it pitches 
at a higher angle than the Old Bed and in the northerly portion 
has a quite steep westerly dip, corfesponding closely with the 
Welch Shaft bed. The inclination of the skipway is about 40°. To 
the southwest along the line of the axis it lies quite flat from east 
to west, but it has one notably steep drop on the pitch. This is 
indicated by the different altitudes of the several sections of this 
bed. Thus from DD to EE, it has pitched 200 feet, and a large 
part of this isin the one roll just mentioned. The breasts varied 
from 10 to 100 feet. 

Mine 21 is the largest of all and has a magnificent ore body, 200— 
300 feet perpendicularly between walls. It has the general north- 
west course for its axis, while the pitch is not to be easily, if at all, 
determined. The dip varies from being nearly south and very flat 
in the Tefft shaft extension to an increasing steepness around to the 
eastward and to an increasingly eastward dip. The skipways, which 
are nearly parallel to the footwall, run down at about 60°. The ore 
body seems to lie on the southeast side of a doming anticline. 

The fifth bed or mine is the Bonanza-J oker, lying south of the 
others, and not outcropping. It is an extension of “21,” for the 
workings are now approaching each other and a hole has been 
bored through. (Section AA.) The axis of the Bonanza runs south- 
west as do the others. The bed is a double one, as it splits between 
the Bonanza and Joker shafts into two, over and under. <A great 
horse of rock comes in, but each portion forms a noble ore body, 
the upper being 100’ thick and the lower 65’ as mined. 

Still another thin ore body has been lately shown by the diamond 
drill south of the Joker, and a hole in the footwall of the Joker has 
revealed a vast additional thickness lymg lower. The map with 
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the outlines of the workings which are reduced from the surveys 
of Mr McKee, the engineer of the two companies, gives a 
clearer idea of the relations in plan than any description could 
and also of the surface topography. The sections will further 
afford a picture of the relation in elevation. They have been 
compiled from the most recent mine surveys (1893), but aid has 
been obtained from the drawings of Mr. Putnam (10th Census, 
y. 10, plate 27, p. 108) and from personal notes on the surface and 
underground. Tlie important structural features are these: The 
westerly dip of the north ends of Welch shaft and Miller beds; the 
flat and more southerly dip of the Old Bed, of its several divisions 
and of the Miller; the southerly and easterly dip of “21.” These 
facts indicate an anticline with a doming development in the east- 
erly extension of “21.” The forking of the bed makes it possible to 
have several of them one over the other. The Bonanza-Joker bed 
lies not far from the axis of this anticline on its southerly pitching 
erest, as does also Old Bed. The general southwest and somewhat 
parallel arrangement of all the beds or lenses is strongly shown in the 
map. Before the folding took place they doubtless all formed hori- 
zontal and parallel-tending, pod-shaped masses, and were afterwards 
heaved into their present position with some attendant faulting. The 
wall rock of “21,” and some distance from the pit, is a hght colored 
gneiss, consisting of microperthitic orthoclase, green augite, a little 
quartz and magnetite. The same rock also forms the summit of Bar- 
ton Hill. It may be mentioned that the usual gneiss of the oldest 
formation contains biotite and some quartz but near the ores it 
becomes augitic. Microperthite is present in both. The strike of 
the gneiss is very irregular. Between the Miller Pit and Barton 
Hill readings were obtained varying from N. 10 E. to N. 85 E. with 
in one case N 60 W. The general average is about northeast. 
Section CC is drawn nearly across this strike. As indicated in the 
section the dip toward the Miller Pit is westerly but it changes to 
easterly and again toward the Barton Hill to the normal westerly. 
In variety of minerals the mines are not prolific. Many years 
ago James Hall obtained from the Old Bed (called also the Sanford 
Bed) an unusually fine erystal of allanite which has been figured 
and described by E. 8. Dana, (Amer. Jour. Sci. June 1884. 479). 
In the office of Witherbee, Sherman & Co., at Mineville, there 
44 
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are slabs with calcite, and one superb octahedron of magnetite, that is 
nearly symmetrical and perfect. A few quartz crystals also occur, 
The Barton Hill mines as later noted yield a greater variety. 

The Barton Hill Group. The highest outcrop of ore at Barton 
Hill is as much as 400’ above the highest of the Mineville Group. 
Measured across the strike (Section CC) it is about 300’ between 
corresponding points, and there is at least 500’ of rock section in 
the interval. The dips show a fold to intervene, and allowing for 
this the distance 500’ is given. It is also possible that there is 
faulting and this is suggested by the steep slope of Barton Hill, 
resembling as it does a fault-scarp. The outcrop of the beds at Barton 
Hill is long, being over # of a mile. It is shaded in on the 
map. The general southeasterly pitch for the axes of the lenses is 
also well shown by the map and is notably parallel to those of the 
Mineville group. : 

This belt has been exploited over nearly the whole of the out- 
crop but all the output is not equally good. The deepest workings 
are at the New Bed where the slope has followed the chute down 
over 2000 ft. The beds are not as thick as in the Mineville Group. 
They range about 8’, with 20’ as a maximum, and are quite irregu- 
lar. In places three beds have been met, as at the New Bed. The 
Lovers Hole exposed but two but one was very thin, (See Figure in 
paper by Mr John Birkinbine, Crystalline Magnetite in Port Henry 
Mines, Trans. Amer. Inst. Min. Eng. Feb. 190. Vol. XVIII), and 
the other thickened to a large body of extraordinarily pure and rich 
ore. 40,000 tons of the run of the mine gave 68.6 Fe. As the 
map shows, the workings are quite irregular all along the belt and 
much exploration is necessary to keep them wellin hand. The con- 
tinuation to the north appears to be broken beyond the Little 
Orchard Slope, and a barren piece comes in. The ore, doubtless 
from the same belt, reappears in the Fisher Hill Mines and their 
northerly extension, the Burt Lot. In the last named there are two 
beds separated by about 50 ft. vertical thickness of rock, although 
much more across the surface from slope to slope, as the dips are 
flat. The dip at Fisher Hill is about 25° southwest as measured on 
the skipway. This flattens out in the northerly openings to 22°. 

In the Burt Lot Mines the dip is about 25°. These latter are in” 
Elizabethtown. The break between Barton Hill and Fisher Hill 
may be due to a fault or eroded fold, but the lack of outerops pre- 
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vents-observation. The belt continues beyond the New Bed to the 
south, as recent drilling has tapped it. 

In this section, the wall rock near the ore at the Lovers Hole, is 
seen to contain plagioclase and orthoclase, brown biotite, green horn- 
blende, titanite, zircon and magnetite and is an ordinary quartzless 
gneiss. A specimen from the top of Barton Hill was shown py the 
saine form of examination to contain quartz, microperthitic orthoclase 
in great amount, diallage and hornblende, being very like the rock 
mentioned above as occurring near “21.” These rocks are all gneisses 
that often but not always become more basic toward the ore body. 
Sections from the wall rock at Fisher Hill and the Burt Lot mines 
are practically the same. 

Along with the ore or near it in the wall rock, are at times masses 
of very hornblendic rock. When cracked open these occasionally 
show small zircons, apatites and very fair titanite crystals. 

At the South Pit some excellent red garnets up to 1” in diameter 
have been brought to light, in talcose or chloritic material. They 
were very brittle and crumbled with slight rubbing. 

The Lovers Hole pit has also yielded considerable fluorite, which, 
of white, red and green colors, gave rather fine specimens. It had 
more or less magnetite disseminated through it. It was probably 
from a small vein-filling or in part a replacement of the gneiss. 

Fine cleavage pieces of plagioclase are also to be had on the dumps. 
The beautifully striated surfaces contain at times several square inches. 

The Pilfershire and Pease Pits. These are now abandoned. 
They lie along the westerly foot of the range of gneissic hills that 
separate Mineville and Moriah Center from the lake. Both mines 
are now full of water. They strike a little west of north and 
dip 50° to 60° west. The gneiss just to the south of them contains 
quartz, microcline, orthoclase, very little plagioclase, emerald green 
pyroxene, and a little magnetite. The lean ore in thin section 
exhibits magnetite, light green pyroxene and apatite. As elsewhere 
the gneiss is more basic near the ore. 

The Lee Mine. This is just back of Port Henry and in gneiss 
immediately west of the ophicalcite exposures. The outcrop of ore 
is in a small steep hill on the west side of the fault figured on the 
map. The strike at the main opening is west of north and the dip 
at the skipway is 19° W. Mr Putnam (10th Census Vol. X. p. 115) 
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states that the ore is cut off on the north by a trap dike. The ore is 
pyritous and is no longer mined. The breast was 8-10 ft. The 
hanging wall is gneiss and contains microperthitic orthoclase, quartz, 
green biotite, magnetite and pyrite. 

The Cheever Mine. A general section of the Cheever ore body 
is here given. The mine is situated about two miles north of Port 
Henry, but the ore belt is prolonged about a mile further in a north- 
erly direction, the Goff mine being in this portion. The Cheever is 
one of the most interesting of all in its geology, and for this reason the 
geological section has been prepared based on the outline of the ore 
body given by Mr Putnam (10th Census Vol. X. p. 113). The upper 
topography is reproduced from the 20 ft. contour map of the U.S. 
Geol. Survey and from sketches made on the ground. ‘The section 
shows that the ore has over it gray feldspathic gneiss 25’ contaiming 
green pyroxene, plagioclase, quartz and orthoclase. The lean ore 
consists of magnetite with some green pyroxene and some plagicclase. 

The next 15’ is hornblendic gneiss, containing quartz, microper- 
thite, plagioclase, orthoclase, brown hornblende, green pyroxene, 
garnet and apatite. Fifty yards from the ore is gray gneiss again, 
with quartz, microperthitic orthoclase, brown biotite, very little 
plagioclase, and magnetite. Over this lies black hornblendie schist 
and white crystalline limestone. “Under the ore is gneiss again but 
50 feet east of the ore body, foliated gabbro appears consisting of 
bastite, brown hornblende, and plagioclase represented by a saus- 
suritic alteration product. The bastite is a light yellow, feebly 
pleochroic, brightly polarizing mineral, very fibrous and with extine- 
tions parallel to the fibres. In the longitudinal sections it shows the 
trace of a biaxial figure, but in one transverse section a rectangular 
cleavage still remained with diagonal extinctions. This would sug- 
gest diallage as the original of it. A few garnets are also present. 
A little further the gabbro becomes massive, and contains hyper- 
sthene, brown hornblende, magnetite, much garnet and shattered and 
saussuritic plagioclase. The gabbro extends to the lake. To the 
west the ore is cut off by a fault, the underlying gabbro being 
heaved up along the west side. The ore is also cut by several trap 
dikes all of the diabase type, which upset it short distances. The 
ore body is not one single continuous bed, but splits at times into 
two from incoming horses. 
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It is much narrower than long, and has the usual lenticular cross- 
section forming a great pod or elongated lense, with its axis runing 
about S. 60 W, thus showing the invariable southwest pitch with a 
westerly dip. T'wo cross sections are given by Putnam, who made 
them underground. At my visit the mine was full of water. Bor- 
ings across the gulch to the south have shown a thin bed at 300’ 
depth. The geology of this ore body presents points of interest not 
shown by others. At first sight it might appear like a great contact 
deposit near the junction of gabbro and limestone, but so much 
gneiss intervenes that difficulties are in the way of this view, and 
the shape, structure, associates and character of the ore all connect 
it with the usual lenses in the gneiss. It lies however in the gneiss 
near the overlying limestone, and also near the intruded gabbro. It 
differs from the ores in the gabbro by having but slight traces of 
titanic oxide. The general composition is very much like that of 
the Mineville ores. 

| Other Mines in Moriah 


The county atlas mentions an opening near the house of James 
Lewis, and inquiry of Mr Lewis elicited the fact that he believes 
that he has opened a large ore body. I did not visit the openings, 
but specimens gathered from the hill in the rear of his house are 
gneissoid gabbro, and if in these rocks the ore would prove titanifer- 
ous. There is also an old series of prospect holes two miles or so 
south of Lewis’s. These show traces of ore but nothing serious. 
The wall is gneiss and consists of orthoclase, green pyroxene, much 
titanite and a little hornblende. A small prospect has been ill- 
advisedly run in on a fine diabase dike, on the east side of a hill a 
mile west of Moriah Center. A considerable plant has been set up 
at the Coat Hill Mines, on Bullwagga Mtn. Both walls and ore 
consist of crushed quartzes, chloritic matter, rotten feldspar and 
scattered magnetite grains. There are no surface indications of any 
ore body of serious moment. 

General Remarks. The present state of the iron business and 
the small prices at which Lake Superior ores are now sold in the 
east. offer slight encouragement to new ventures. The productive 
ones do however occur along common lines of strike, and any pros- 
pecting would best be done with these as ranges. Disturbances of 
strike and dip should however be looked for with care, as in such a 
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broken region, they are common and might throw one off the track. 
As already mentioned cross gulches are often caused by faults. 

Iron Mines of Westport. There are at present no producing 
mines in Westport, and such as have been opened have been idle for 
many years. Except perhaps the second bed at Nichols Pond all 
that we visited were clearly in the gabbro series and gave thus every 
reason to infer that they are titaniferous and such analyses as have 
been available, have carried out this impression. 

The Nichols Pond Mines. These are situated high up ona 
mountainous ridge, above Lake Champlain, and just north of Nichols 
Pond. There are two beds; the southerly one is in gneissic gabbro, 
and is about 9’ thick. It strikes nearly East and West, and dips 
south about 80°. The ore is magnetite mixed with hornblende and 
is lean. Thesecond bed lies more to the north, and shows the follow- 
ing section, with a strike and dip like the last. 1, Hanging wall 
gneiss. 2, Ore 12’-15’, shot ore consisting of magnetite and quartz. 
3, Lean Ore not worth separating 20', but of same general character 
as 2. 4, Compact feldspathic rock, 15’. 5, Lean shot ore and quartz 
same character as 2, not worked. 6 Foot wall coarse gneiss. There 
was a large separator in operation some 25 years ago at Nichols 
Pond, and a tramway ballasted with tailings runs down to the high- 
way to the eastward. As stated by Professor Simock, (Bull. N. Y. 
State Mus. No. 7. p. 36) these mines are in lots 166 and 168 of the 
Tron Ore Tract and on Campbell Hill. 

The Ledge Hill Mines. This name may not be the most com- 
mon or correct one, but it is the one given usin Westport. The 
mines are near the summit of a hill, two miles west of Westport 
and are several hundred feet above Lake Champlain. They are in 
gabbro of a gneissic habit, but at times quite massive at points not 
far from the ore. There are two ore bodies. The ore is richest in 
the middle and becomes lean towards the walls, with abundant horn- 
blende and garnets. In the lowest opening there are 4-6’ of rich- 
est ore. Fifty feet higher up there is another opening on the same 
ore. The strike is east of north and the dip is high to the west. A 
little to the east is a second ore, body, opened by a cut about 6’ feet 
wide at the bottom. The walls are gabbro. The mines are in lot 
163 of the Iron Ore Tract. . 

The Split Rock Mines. These are opened in Split Rock 
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Mtn., about 100 feet above Lake Champlain, and show very 
considerable excavations, which are practically dry, as the situation 
for mining is very convenient. The ore is 10’ thick, strikes 
N. 70-80° E. and dips 50° south. Gabbro forms the walls right 
up to the ore on both sides. It is the metamorphosed variety 
with the copious reaction runs of garnets. The writer was told 
that there is another opening to the south. There is a separator 
on a level with the lake, and above the mines, in a terrace in a 
break in the hills, are the old boarding houses. From this terrace 
there is a most superb view ‘of the lake and the Green Mountains. 
The mine is just across from Fort Cassin. The analysis of the ores 


given in the opening table shows that they contain from 13-16 Ti0, 
with 32.5 to 44.7 Fe. : 
2 GENERAL REMARKS 

There seems little if any prospect of profitable mines in West- 
port in the future. Those ores that are reasonably near the lake 
are certainly titaniferous and cannot be used_under the present cal- 
culation of blast furnace slags and mixtures. The non-titaniferous 
ores which may be in the western limits of the town, are extremely 
inaccessible if indeed in any quantity. 

In their scientific relations the titaniferous ores are of great inter- 
est. They invariably occur in dark, basic gabbros and in such rela- 
tions as to make the inference unavoidable, that they are excessively 
ferruginous or basic, portions of the original igneous magma. There 
is no sharp line of demarcation between ore and wall but a gradual 
passage of one into the other, although in a short space. We are 
coming’ to recognize titaniferous magnetites in these relations in 
many parts of the world, and Wadsworth* in this country, 
Derbyt in Brazil, and Vogtt in Sweden have already called atten- 
tion to such. 


*M. E. Wadsworth. The Iron Ore or Peridotite of Mine Hill, Cumberland, R. 
I. Bull. Min. Comp. Zool. 1880. VII. 

+O. A. Derby. Magnetite Ore Districts of Jacupiranga and Ipanema. Sao 
Paulo, Brazil. Amer. Jour. Sci., April, 1891. 311. 

tJ. H. L. Vogt. Bildung von Erzlagerstatten durch Differentiations -processe in 
basischen Eruptivmagmata; Zeitschrift fiir praktische Geologie, I. pp 4, 125, 257. 
This paper appears in its completest and latest form in the reference given, 
although the conclusions had been previously published elsewhere. 
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The superior figure tells the exact place on the page in ninths; e. g. 3284 
means four ninths of the way down page 828. 


Adirondack pass, cliffs, 328+. 
Adirondacks, previous study of ge- 
ology, 3251-268. 
Analyses, table, 341°. 
Anorthosites, term, 3278; dome shaped 
‘peaks, 3277; distribution, 3281; pe- 
trography of, 336°-39°. 
Apatite, mining of, 343°. 
Avalanche lake, shear-zone at, 328+. 
Avalanche pass, cliffs, 3284. 


Bald peak, gabbros, 331°. 
Barton hill, altitude, 342°, 3467; fault- 
scarp, 346’; gneiss, 345°, 
mines, 341°, 3428, 346-477; besse- 
mer ores, 3408. 
Bibliography of Adirondack geology, 
325°-278, 
Birkinbine, John, paper on Crystal- 
line magnetite in Port Henry mines, 
346°, 
Black schists, petrography of, 3344-36. 
Blake, W. P., quoted, 348°. 
Bonanza-Joker bed, 3447, 3454. 
Brinsmade shaft, 3433. 
Bullwagga mountain, mines on, 349". 
Burt lot mines, 3412, 3468, 3478. 
Business prospects, 3498-50!, 3515. 


Calciferous limestone, 330°, 3317, 3322, 
3394, 


Cheever dock, brecciated gneiss at, 
300°, 

Cheever mine,  348?—49°; 
underlying, 331°; 
faults, 3417. 

Contours, origin, 328%. 

Coot hill mines, 340°, 3497. 

Crowfoot pond, 340°. 

Crystalline limestone, distribution, 
028’; general character, 329-303. 

Crystalline limestones of eastern Adi- 
rondacks, J. F. Kemp’s paper on, 
326°. 

Crystalline magnetite in Port Henry 
mines, paper on referred to, 346°. 
Crystalline rocks, stratigraphy, 325°, 

3288294, 


gabbros 
limestone, 334, 


Derby, O. A., paper on magnetite 
ore districts of Jacupiranga and 
Ipanema, 351°. 

Dikes, 3319, 339°, 
limestone, 330”, 
Point, 3364. 

Dip, distinguished from pitch, 342". 

Dome-shaped peaks, composition, 3277; 
origin, 328°. 

Drift, distribution, 328°. 

Dynamic disturbances, evidence of, 
383°, 335°, 337). 


3417; 
3365; 


remains in 
near West 


Cambro-Silurian sediments, 340%; gen- | Edwards, A. M., on Warren county 


eral character, 3307. 
Campbell hill mines, 350°. 
Champlain Lake, 


marbles, 334%. 
Elizabethtown, mines, 3469-471, 


geology of west| Emmons and Hall, survey, 3254. 


shore, 327°; Potsdam sandstone, 331’. | Ensign pond, 331", 334"; anorthosites, 


Chazy limestone, 330°, 3328. 


3369-374, 


354 


Eozoon formations, 334°. 
Erosion, evidence of, 328%, 340+. 


Faults, in iron mines, 3285, eas at 
Barton hill, 346°. 

Fisher hill mines, 3411, 346%, 347°. 

Gabbros, term, 3279; general char- 
acter, 3307; origin, 33804; petrography 
of, 336°-89*, 348°, 

Gabbros on western shore of Lake 
Champlain, J. F. Kemp’s paper on, 
826°. 

Garnets, 
47. 

Geologic history, probabilities, 339°- 

~404, 

Gneisses, age, 330°; altitudes, 3278; 
dip, 845"; distribution, 3287; general 
character, 329+; petrography of, 
332°-84°, 345°, 3472, 3481. 

Goff mine, 348. 

Gouverneur township, geology, 3267; 
limestones, 3367; origin of gneisses, 
329°. 


characteristics, 333!, 337, 


Hall, C. E., Laurentian magnetite 
iron ore deposits in northern N. Y., 
320". 

Hall, James, on stratigraphy of 
Crystalline rocks, 328°. 

Harris Hill, 3318. 

Hunt, T. S., on geology of Port 
Henry, 3267. 


Iron mines, faults, 328°, 3417. 
Iron ore tract, 3/0°. 
Iron ores, 340-51. 


Joker bed, 344’. 


Kemp, J. F., papers referred to, 226°, 
328%, 


Lake bottoms, evidence of, 328". 
Laurentian magnetite iron ore de- 
posits, paper by C. E. Hall, 325°. 

Ledge hill mines, 3507. 

Lee mine, 347-48?; limestone, 3346; 
ore, 340". 

Leeds, A. R., Notes on lithology. of 
Adirondacks, 325°. 

Lewis, James, mine, 349°. 
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Limestone, age, 3303; petrography of, 
3344-369. See also Calciferous lime- 
stone; Crystalline limestone. 

Lithology of Adirondacks, paper by 
Dr A. R. Leeds, 325°. 

Little Orchard slope, 346". 

Lovers hole mine, 341°, 346°, 347. 


McKee, —, surveys, 345'. 

Map, description, 331'. 

Map of eastern Adirondacks, accom- 
panying C. H. Hall’s report, 325°. 
Matthew, W. D., acknowledgments 

to, 827°. 

Merrill, G. P., quoted, 330°, 384°-35). 

Millbrook, dikes, 339°. 

Miller bed, 344°, 3453. 

Mine, 21, 344°, 345+. 

Mines, titaniferous and non-titanifer- 
ous, 340°; bessemer and non-besse- 
mer, 3408, 341. 

Mineville group, 342846!; altitude, 

. 8428; dikes, 3397; gabbros, 3318; 
gneiss, 3338; silicates, 335°. 

Mining prospects, 3498-50!, 351°. 

Moriah, outline of geology, 331°; anor- 
thosites, 3369-374; mines in, 340°, 849°. 

Moriah Center, limestone, 384°; mining 
venture, 3497. 

Moriah Corners, dikes, 3397. 

Moriah marble, 330!. 

Mount Adam and Eve, silicates, 335°. 

Mount Bob, gabbros near, 3318; gneiss, 
3338. 

Mount Harris, anorthosites, 336°-874. 


New bed, 346°. 

Nichols pond mines, 3503. 

Non-titaniferous ores, general features, 
342°; mines producing, 340°. 

North Hudson, limestone, 334°. 


Old bed, 3485-443, 3453, 

Orange county silicates, 335%. 

Ores, bessemer and non-bessemer, 3408, 
041%; detailed geology, 3428-514; 
granular, 341°; . 

non-titaniferous; general feat- 
ures, 3427; mines bearing, 340°. 

titaniferous, 341°, 351°; general 
features, 3419-422; mines bear- 
ing, 3407. 
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Palaeozoic sediments, petrography of, 
3394 : erosion of, 340+, 

Pease pits, 3409, 3477. 

Pease quarry, gneiss, 336°. 

Petrography, of anorthosites, 336°-39° ; 
of black schists, 3344-36°; of gabbros, 
3369-394, 348°; of gneisses, 332°-34%, 
3456, 347°, 348!; of limestones, 3344— 
36°; of palaeozoic sediments, 339+. 

Philadelphia, kindred formations near, 
3308. 

Phosphates, production, 348°. 

Pilfershire mine, limestones near, 334°; 
dike, 336°. 

Pilfershire pits, 340°, 347". 

Pitch, relation to dip, 3427. 

Port Henry, black schist, 3317; gneiss, 
336°; Lee mine, 2478; limestone, 330°, 
3317, 334°; olivine in gabbros, 339?; 
quarry, 829°; silicates, 3354; T. S. 
Hunt’s paper on geology of, 326?. 

Potsdam sandstone, 3307,. 3317, 3822, 
3394, 3402. 

Potts shaft bed, 343°-44?. 

. Pumpelly, R., report on geology about 

Westport, 326°. 
Putnam, , Quoted, 343°, 3479-481, 
348%, 349?; acknowledgments to, 3462. 


Ries, H. P., Pleistocene lake bed at 


Elizabethtown, 328°. 


Sanford bed, 343°. ; 

Schists, petrography of, 3344-36°. 

Sedimentary rocks, 840°; bordering 
Lake Champlain, 327°; general char- 
acter, 330"; petrography, 3394. - 

Serpentinous marbles, 334°. 

Shear-zone at Avalanche lake, 328+. 
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Silicates 
335°-36?, 

Silurian shales, 340}. 

Smock, J: C., quoted, 3508, 

Smyth, C. H. jr, paper on geology of 
Gouverneur township, 3267; quoted, 
336", 

South pit, 347°, 

Split Rock mountain, anorthosites, 
332); olivine in gabbros, 339°; mines, 
3009-514. 

Stratigraphy, general, 328°-294; of crys- 
talline rocks, question of, 325°. 


accompanying limestone, 


Table, of analyses, 341°. 

Tefft shaft, 344°. 

Titaniferous ores, 841°, 3516; general 
features, 341°-42'; mines bearing, 
3407. : 

Topography, general, 327°-287. 

Trenton limestone, 330°, 3322. 


Van Hise, C. R., report on geology 
about Westport, 326%. 
Vogt, J. H. L., paper, 351°. 


Wadsworth, M. E., paper, 351°. 

Walcott, C. D., report on geology about 
Westport, 326°. 

Warren county, serpentinous marbles, 
3348, 

Welch shaft bed, 348%, 345°. 

West Point, dikes, 336+. 

Westport, anorthosites, 336°-374; geol- 
ogy of, 326°, 352!; iron mines, 350! 
514; limestones near, 330%; mines, 
3407; mining prospects, 301°. 

Witherbee, Sherman, & co., speci- 
mens in office, 345°-46!. 
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PUBLICATIONS 


Museum reports. New York state museum. Annual report, 
1847— date. pl. O. Albany 1848 to date. 


_ Average ae pees ayear. Price for all now in print, 50 cents a volume in paper; 75 cents 
tn cloth. 
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Museum bulletins. University of the State of New York. 
Bulletin of the New York state museum. v. 1-2, O. Albany 
1887 — date. Price to advance subscribers, 50 cents a volume. 

Volume 1. 60s. Price $1 in cloth. 

Bulletins of this volume are paged independently. 

1 Marshall, W: B. Preliminary list of New York unionide. 19p. 
March 1892. Price 5 cents. 

2 Peck, C: H. Contributions to the botany of the state of New 

York. 66p. 2,pl. May 1887. Price 25 cents. 

3 Smock, J: C. Building stone in the state of New York. 152p. 
March 1888. Out of print. 

4 Nason, F. L. Some New York minerals and their localities. 

19p. 1 pl. Aug. 1888. Price 5 cents. 

5 Lintner, J. A. White grub of the May beetle. 31p. il. Nov. 

1888. Price 10 cents. 


6. Lintner, J. A. Cut-worms. 36p. il. Nov. 1888. Price 10 cents. 


Volume 2. 4n0s. Price $1 in cloth. 
7 Smock, J: C. First report on the iron mines and iron ore dis- / 
tricts in the state of New York. 5-+70p. map 58X60 cm. 
June 1889. Price 20 cents. 


| 8 Peck, C: H. Boleti of the United States. 96p. Sept. 1889. 
Price 20 cents. 


9 Marshall; W: B. Beaks of unionide inhabiting the vicinity of 
Albany, N. Y. 23p.1 pl. ' Aug. 1890. Price 10 cents. 


10 Smock, J: C. Building stone in New York. 210p. map 58 x60. 
em, tab. Sept. 1890. Price 40 cents. 


Volume 3 
11 Merrill, F: J. H. Salt and gypsum industries in New York. 
92p. 2 maps 38X58, 61X66 cm, 11 tab. 12 pl. April 1893. 
Price 40 cents. 
12 Merrill, F: J. H. and Ries, H. Olay industries of New York. 
167p. 1map 59X67 cm. 2pl. March 1895. Price 30 cents. 


13 Lintner, J. A. Some destructive insects of New York state ; San 
José scale 58p. 7 pl. April 1895. Price 15 cents. 


14 Kemp, J. F. Geology of Moriah and Westport townships, Essex 
co. N. Y., with notes on the iron mines. 32p. 2 maps, 7 pl. 
September 1895. Price 10 cents. 


15 Merrill, F: J. H. Mineral resources of New York. Jn preparation. 
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Economic map. Merrill, F: 5. HL Hcongnnc map of ‘anh atateine 
New York. 59X67 cm. 1894. —Price, unmounted, 25 cents, 
backed on muslin 75 cents, mounted on rollers 75 cents, — <a 

Scale 14 miles to one inch. ; ‘ “” 


Museum memoirs. University of the State of New York. 
Memoirs of the New York state museum. vy. 1, Q. Albany 1889. 


Uniform with the paleontology. 7 oof ‘ 


1 


1 Beecher, C: E., and Clarke, J: M. Development of some Silurian ah, 
brachiopoda. 95p. 8pl. Oct. 1889. Price 80 cents. - 


Natural history. New York state. Natural history of New 
York. 28 v. il. pl. maps, Q. Albany 1842 88. 


Divisions 1-5 out of print. 


Division 1 De Kay, J. E. Zoology. 5 v. pl. 1842-44. i 
<< 2 Torrey, John. Botany.  2,v., 1843... 
‘« 3 Beck, L,C. Mineralogy. 24-+536p. il. pl. 1842. 
co\ 4g Mather, W: W.; Emmons, Ebenezer; Vanuxem, Lardner; 
and Hall, James. Geology. 4v. pl. maps. 1842-43. — 
«¢ 5 Emmons, Ebenezer. Agriculture.’ 5 v. il. maps. 1846-54. 


Division 6 Paleontology. Hall, J ames. Paleontology of New 
‘York. il. pl. sq. Q. Albany 1847—date. Bound in cloth. . 


v. 1 Organic remains of the lower division of the New York system. 
23-+338p. 99pl. 1847. Out of print. ; 


v. 2 Organic remains of the lower middle division of the New York — 
system. 8-+362p. 104 pl. 1852. Out of print. 


v.38 Organic remains of the Lower Helderberg group and the Oriskany 
sandstone. pt. 1, text. 12+532p. 1859. Price [$3.50.]| 


pt. 2, 143 plates. 1861. Price $2.50. ie 


v. 4 Fossil brachiopoda of the Upper Helderberg, Hamilton, Porta b 
and the Chemung groups. 11+1-+-428p. 69 pl. 1867. Price $2.50. 
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v. 5, pt. 1 Lamellibranchiata 1. Monomyaria of the Upper Helder- _ 
‘berg, Hamilton and Chemung groups. 18+268p. 45 pl. 1884. 2 
Price $2.50. . pase 


Lamellibranchiata 2. Dimyaria of the Upper Helder- 
berg, Hamilton, Portage and Chemung groups. 62-+-298p. 51 pl. 
1885. Price $9, 50. 


pt. 2. Gasteropoda, pteropoda and cephalopoda of the Upper 
Helderberg, Hamilton, Portage and Chemung groups. 2yv. 1879. 
v. 1, text, 15+492p. v. 2,120 plates. Price $2.20 for2v. 

yv. 6 Corals and bryozoa of the Lower and Upper Helderberg and 
Hamilton groups. 24-+298p. 67 pl. 1887. Price $2.50. 

v. 7 Trilobites and other crustacea of the Oriskany, Upper Helder- 
berg, Hamilton, Portage, Chemung and Catskill groups. 64-236p. 
46 pl. 1888. Cont. supplement to v. 5, pt. 2. Pteropoda, — 
cephalopoda and annelida. 42p. 18 pl. 1888. Price $2.50. ‘hy 

v. 8, pt. 1 Introduction to the study of the genera of the Pom ee. 
’ prachiopoda. Price $2.50. : 


pt. 2. In progress. 


= 


. \ 
7 
i 
/ , 
i 
2 
- 
1 
‘ 
, 
5 ° 
i 
Z 


Wt Bi hte! 
a ail 
Shi 

ie 


ay 
2 
Peon | 
on 
‘ , 
ha ly 
at / A 
‘ 5 5 
+ H 
APIaSs FG” 


On. DC 


NOILALILSNI 


SMITHSONIAN 


.}BRARIES SMITHSONIAN 


IES 


LIBR 


JOIRNLILSNI NVINOSHLIWS 


> 


IBRARIES SMITHSONIAN 
a 


NVINOSHLINS S31uvudit 


Na 


NOILNLILSNI 


IBRARIES SMITHSONIAN 


ION 


. 
> 


NVINOSHLIWS. 


NOILNLILSNI 


S SMITHSONIAN 


NVINOSHLIWS 


div LIBRARIE 


sal 


S) 


INSTITUTION 


NVINOSHLIW 


NOILALILSNI_ NVINOSHLIWS 


INST 


an 
- 


s 


’Sa1yvugiT _LIBI 
ris w z= 
= = yy eS 
iz o rg fo, % Wry 
D B Lif 2 
WY W” 73 ; 
S > = 
w roe. w 


LIBRARIES SMITHSONIAN _INSTITUTION NOIL 


INSTITUTION NOILNLILSNI 


» 


i 


LIBRARIES SMITHSONIAN 


— wo = wn 
S3SIYVYSITLIBRARIES SMITHSONIAN 
= api 2) = ” 
< NS = < = 
off, es Fs VN z = = 
Udo 2° B = g 
“iy = = = 2 
INSTITUTION NOILALILSNI_NVINOSHLIWS Saiyuvug ig 
i = < A oy 7 
= S WS = = 
< ot LNA No 4 
a S WQ\ «= = 
baa) = S Fea) = 
By , fe) = iS) 
—J 2m So et ma 
SS!IYVYSIT LIBRARIES SMITHSONIAN 
iS = =: Je FS 
ow — MM w — 
= © $42 5 
Z & V4 P tif > a 
= e “9 £47) a Fe 
Y). > uw 
4 Zz o Zz 
INSTITUTION NOLLALILSNI_NVINOSHIINS SaluVaddll LIBRARIES 
: Z r 2 < = = 
B lp te 2 B 2 
2,49 FO" & = = 
ae = >" = 
= Us =z w 
_LIBRARIES SMITHSONIAN INSTITUTION 
> : “ — wn 
w iu 4 n tus 
4 al & 
4 <x aot < 
c Peed = oc 
4 = 
wi Oo eee 5 * = 
mee = Fz | 
INSTITUTION NOILONLILSNI NVINOSHLIWS SStevagiy 
2 


ON 
tI 


we. 


ION 


* Zz Wie 
= Peek. | = SS 
oe. = Ofc; 
<3; 4 < {5 
is Ee 5 
oe = o oo 
S ala 2 
; =e = 
NVINOSHLIWS _S3 1yVvVug yell BE 
= o 6 
2) LS 
= > é 
= o 
Dn = ty, 
= w 


SMITHSONIAN INSTITUTION NOILI 


RW. 


NVINOSHLINS S31IYVUGIT LIB 
~ 


NVINOSHLIWS 


saiuvugin 


~ 


NVINOSHLINS IBF 


Z BS 
2 YW aK 
4 AY ale 
= x *s x = 3 
3 SW Se 
Zz P34 


INSTITUTION NOIL 


Git LIBRARIES SMITHSONIAN 


ION 
ION 


RARIES SMITHSONIAN INSTITUTION NOILILIZONI NVINUSFLING SStOVaGit LIBRARIES ONIINOVNANY eee 


= | 


saiuvualy 
INSTITUTION 


INSTITUTION 


INSTITUTION 


Saluvugiy 
INSTITUTION 


INSTITUTION 


LNLILSNI NVINOSHLINS S3SIYVYSII_LIBRARIES NOILNALILSNI NVINOSHLINS S31uVvual) 


Bly 


RARIES SMITHSONIAN INSTITUTION NOILNLILSNI NVINOSHLIWS Saluvugiy 


SMITHSONIAN INSTITUTION 


AN 


a Nas 
3 


NVINOSHLINS S3INVUdIT 
Nae 
ASS 
SMITHSONIAN 


Va 
Ld 
7 
NVINOSHLINS S31uVY 


SMITHSONIAN 
fl 


NVINOSHLIWS 


NVINOSHLIWS 


SMITHSONIAN 


SMITHSON! 


“ ~ Ra 
SMITHSONIAN 


LIBRARIES SMITHSONIAN INSTITUTION NOILNMLI 


o 2 - = x: on = on z rt 
td aW pes wn RNS SS ud 2) = ; aW = 
©. a ow = AN = = ae. ify = oc 
<x % SS. <x + 3 S&S Ky < - <x we, = x 
peas? x foe cS S \N w & os , Lysis = feed 
= co =, NY = Vij = Se 
= f o = O = S) a % o — : 
=i = - z ona z ay 4 z = | 
LALILSNI_NVINOSHLINS _ S34 luvugd yout BRARI ES_ SMITHSONIAN INSTITUTION _ NOLLNLILSNI_NVINOSHLIWS_S3 1yVvugd 7 LIB RAR 
Sm 5 We = S ff, S a = z 
ST 2 \y 5 2 = Gy, ra 5 2 5 2 
Se] BNR NSEE = = CLE: EF = = 
wy = S NS ee —_ roe ee Ban Be See b os E 2 
was” m XN = m ce m = m m 
7) =e = w = 7) = 7) ee = 7) 
RAR! ES, SMITHSONIAN _INSTITUTION NOILALILSNI— NVINOSHIINS $3 iyvyudi ot! B RARI ES SMITHSONIAN INSTITUTION NOILNLI 
= = gh 26 = gp, = ~ = Sg = 
z 2 \y i 83 - é 2 a 
7) MD ~ Wr @ Gh py D w 7) oO Bw 
2 SRN ae g rE g fe 
= es ‘ ee a = = = oro 
> = 3. > a = a 2 2 


INLILSNI NVINOSHLINS S3IYVYGIT LIBRARIES SMITHSONIAN INSTITUTION NOILNLILSNI 


RARIES 


~* 
IBRARIES SMITHSON! 


INLILSNI 


BRARIES 


h 


INLILSNI 


LNLILSNI 
BRARIES 


yi 


aan tee ei SMITHSONIAN INSTITUTION LIBRARIES 


eA Niays AAA 6 
Pa Blast 


3 9088 01300 6481 


, eatng : vo ‘ : 
oe “ Poor a ere) ed 
fea horney ran iui, ph ate : ' 
Es Rial et Poa ave : eine bene be 
‘ ny c 
‘ : 1 ro ; : 
: wer eee OE Pe tet ts ‘ 
Ve Baie DEA: clans i 1 ' ' 
rie ' é 
Gece ; oan ‘ : 
: ‘ ‘ 
alk te ‘ fase te pat i tree ‘ ‘ 
cote Wase aige : he PCE Pat cash cunt ‘ ' : 
3 heads wee ‘ ‘ ee ea) 1 (cae toa ‘ 
F foege Bho 2 oe . pee ‘ ‘ , r 
We Bn, dareop bt . Oyler ‘ ' toe ‘ . 
uw aigh singh abe ge UR ce dig ete Fay tht preter Bn i i 
TRS a eee tir Cathe ERC ETnY Dee oe ee a Re WELT bh metin wegths Cape tye beat viene ' bat iis 4 oot t é 
Vain t : : assete sania ea a 5 rs ' ’ . ‘ 
: iret ; q x 
vey ‘ xe 3 zat ‘ j 
ree i ‘ ‘ 
‘ . si wttee : ‘ 
ho enacts , ‘ von r 
Vas Oa et on ‘ fen 1 we ‘ 

PERL Pew eety eure sen 4 tg 58 Gag img vi . Aa f ; ; ; 
errr a rear’ Site Wea ede Aged Ay cnt Seen be Teh aes 5 os on ernet ‘ : 
yr ion Vithwee ae bb ad 5 wie ws ‘ ‘ ‘ ion , 
wraia washer ay yi Weise ket ‘ foray bene Fc rec a , ‘ ‘ ‘ , 
aya drab bey eyes ” whe Career rh ‘ Lary ap ees : 
ate ae ia Ure : sian gach} a Agata ee rece) peat te ‘ 

Pt wed = baw , “ Se dee het ep te ee ee ' : : 
Uses eyes oat ‘ Perec ee Naetob pars ob ah nee be mst . : 
‘ fon a sane he 46g etn ‘ a3 7 
Va be at er sacciay ar a Vives Cor y 
CaaS car ce Oa ra a “ae 4 Prat an re a ea ' Pee cae ele 8 

orber nee PR ey ba eed tpt @ eae. Ciena eet wi a oes wa : 

Nee aa int Va TS tay agente HE an vt aes ice Ate re us 
SUP UMC Te gieteg sd \ H i alent pean ee hy apkes Boy ae aedcr ds, Meas : oan ‘ : 
ee we Co Cy Agee togek ap Abe He te oeeky cous rte : fn) aaa : 

‘ eres ees Re ra oetowy ws teeta Coa tr Se : . ‘ ‘ 

weve gehen oye ye a age’ fitlode wigs bow er : Aeaeiheeas ; ; 

veto Lose i bV ee Fae et eae . ae ee Or thie 2m Wee Gert ‘ : 
seereeusyre get Wiser tea wee wk ny \ : . Caner ‘ ‘ 

WT ea ye MN ete aT ‘ Ab POM aya oe ope eee Gee a oe ree at ii eit . 
Kus g igen suthty pe tin te te tolerant Cae cc Wa vee gt a . Se , ‘ 
yous Uek sa set yey cast i { ‘ cere Real SNOT Eg Apa a ' Nee mer ae 1 Sens : 2 

SE TW Qe peepee gy Wein tae werk de dee va Vernon We EM Bdan Mon Bg Say Nis ' ' i 4 

Pecyracgre eu lary vel D Paar ees ar VW hee ha ete eka py eee aa ' ‘ 

Bee ae ye ty syn yoy dott view veg ' ms wave ‘ . 

f uae he (tae Perna yo mya i , 
4 pibateles ee par hh ed at DAWES we un an epee ' vue a. 4 4 
De ete, ee A Ge EN ICS png naa ER te te . rh Valb ef ‘ ; 
wey py bee weet aed © hen ‘ ve ‘ akon t Piety at ‘ 
wy Piiirca ar ac Or Or Vr Drees \ soa ' ‘ . 
TO a Oe SY Ma YPC OO ‘ eon eee: ' : . : ; ; 
CT oar Wes tS Ae aA iy as Wie Melee ata atetpee I Mp onh re ‘ 
Wet het ane bag obey ie er bal a a eyes whey , ; 
\ Woe eed Lio vawates bo tek , Digs ye dal eade gat ‘ ‘ a 
Wey eg weer ee LE RE ae oD pees at aba . 
veer ety wee ory lebecaset cates Reet yaa hed ‘ Netra aera oy fi ‘ 5 
Poy VL Wy dove at a epee deh a ae MEG i Hide itz ake 
VW a ye betel teeny Vda Wit eae ; . tical et aren Haare , ‘ . i 
Viva eet ion aise hverant weae Bs ak ‘ vias 4 
aay (ERAT gone dig MOU LT agg ‘i \' 4 ' 
seers ’ Cryer ye 4 wee Pps ey ans a 
toate bs tans bak VG We ou 1 7 
Ta Wh Made ted hacer Ss ‘ het} . : 
Lope ee EME Vas Tote dre tog ato may “ . ‘ 
byte werent ae ny Wendt Seg ant ‘ 3 
' iit 4 ea) ae feat ' 
Vireo ey ane set eae sea, hoe asd ve . , 
Wes Le aise ran AP} 7 ahah TOKE wake bing asa ’ , " ‘ oa 
aires i rare Core ns ae ays 1 : ‘ 

4 ey Vw eae ede sy pivego vi ips ‘ ee , . : 
NEALE On ts ee ere ghd g why hea ' re : te 3 ‘ 
Bn Baa Ua ot oa Atureee PAcarokr is eer Piety We rr Ur t ve 1 ‘ dy, : 
Woayrerarys y . ten Perea Rr rtiey i, wee fC hokgtaa A , 7 F ; 
Vpn been aint ae Wa ae ed ‘ Baie hw regs rae air an) : 
srs ms wy ny yc Rerarec Cae are ere to 

soos pias ‘ oe yaa ete gab ‘ : 


